We study time-varying interest rate comovement and its determinants for the retail banking sector in the euro area over pre-crisis and during crisis, between 2003 and 2018. The analysis is conducted for 11 euro area countries, each classified as either core or periphery. Copula Asymmetric DCC-GARCH is estimated for each country-pair to measure the dynamic interest rate correlations for deposits and loans to households. We then examine the determinants by regressing quarterly correlations on macroeconomic and cross-border linkages, banking, and sociological variables. We also assess the impact of the two crises and of policy initiatives, including negative interest rate, Single Supervisory Mechanism, and Single Regulatory Mechanism. Different panel regressions reveal limited, although varied, influence of determinants on correlations across different products, maturities, and country groups. We conclude that the intrinsic features of the retail banking industry, such as customers' trust, information asymmetry, and political influence, hinder strong interest rate convergence in the euro area.
union since 2014. The financial crises revealed the gaps in competitiveness across member countries, their heavy indebtedness, and unsustainable debt burden on the banking sector. These, in turn, raised questions on the joint consequences of a banking union for the region's taxpayers.
Three main issues are addressed in this study: (1) How have the interest rate comovements changed in the euro area's retail banking sector in the post-euro era from pre-crisis period (2002~2007) to the crisis period (after 2007)? (2) Is the degree of interest rate comovement related to country-specific characteristics? (3) What are the fundamental factors that drive the comovement of interest rates across countries and over time?
The present study addresses these issues by estimating correlations of interest rates and examining their determinants with six categories of retail banking products (deposits and loans) and households in 11 euro area countries, each of which is classified as either core or periphery, during both the non-crisis and the crisis periods from 2003 to 2018. This study focuses on the household clientele of retail banks, which contributes the highest to the net national income (82%); net disposable income (73%); and net saving (91%) of the euro area.1 ) 2) The long-term process of convergence of the banking sector includes cross-border comovements of banking interest rates, which, in turn, influence the saving and credit behavior of households in their respective countries.
Although the literature on the factors driving the comovement of returns in stock and bond markets is extensive (e.g., Bracker and Koch 1999 , Kim et al. 2005 , Buttner and Hayo 2011 , Narayan et al. 2014 , Gupta et al. 2015 , Mobarek et al. 2016 , Perego and Vermeulen 2016 , there are few research studies on the factors driving comovements in the banking interest rates in sectors across borders. This study attempts to address this research gap. Further, it contributes to the literature as we use comprehensive data that cover six interest rate series on deposits, consumer loans, and mortgage for different maturities.
Further, the study does not address the heterogeneity in banking integration among the various core and periphery markets, while several studies have shown that emerging capital markets are more segmented than developed ones (e.g., Christoffersen et al. 2012 , Bekaert et al. 2014 .
For instance, van Rijckeghem and Weder (2003) examine volatility spillover through the lending channel of banks; however, the study does not address the transmission interlinkages among and across country groups. This study addresses this research gap by estimating time-varying correlations of interest rates and their determinants over normal and crisis subperiods and across the core and periphery groups of euro area economies.
We estimate the dynamic interest rate comovement using Copula Asymmetric Dynamic contributed to the integration of financial markets in the region (Kim, Moshirian and Wu 2005, Bartram, Taylor and Wang 2007) . While the integration of wholesale banking is considered to be almost complete in the EMU, the integration of retail banking is still under progress (Guevara Moudos and Perez 2007) . Sehgal et al. (2016) , Eppendorfer et al. (2003) , and Cabral et al. (2002) observed a weak level of integration in retail banking in the euro area. Barros et al. (2005) noted an inclination toward higher cross-border European banking activity through the creation of subsidiaries rather than doing so through branches, which points to the continued existence of significant barriers to full market integration. On the other hand, Perez et al. (2005) and Sørensen and Gutiérrez (2006) observed greater progress of retail banking integration following the introduction of the euro. Similar observations were made by Brasili and Vulpes (2005) , who analyzed comovements in bank risk for large European banks during 1994~2003 by decomposing the risk into EU-wide, country-specific, and bank-level components. The EU-wide component gained importance following the introduction of the euro in 1999, particularly for large banks. There is also evidence of different paces of convergence across product types.
For example, Gropp et al. (2014) and Sarantis (2012, 2014) found that interest rates on loans converge faster than those on deposits because of faster adjustment of interest rates on loans. However, Sarantis (2012, 2014) noted a divergence in the transition paths at the onset of the 2008 financial crisis.
With respect to the second strand of research on the determinants of retail banking sector integration, again, suffice it to say that most of this research is concentrated on the factors driving the comovement of capital markets (e.g., Buttner and Hayo 2011 , Baele et al. 2010 , Piljak 2013 , Narayan et al. 2014 , Mobarek et al. 2016 , Sehgal et al. 2018 ) and that little exists in the empirical literature on the factors driving banking integration (Perez et al. 2005 , Mayordomo et al. 2015 . Bracker et al. (1999) used other variables such as relative exports and imports and the difference of inflation and real interest rates as determinants. Kim et al. (2005) considered financial variables to be the most significant determinants of the within-country stock-bond return correlation, while Kim et al. (2006) found monetary variables to be weakly significant. Similarly, Andersson et al. (2008) found macroeconomic variables and stock market uncertainties to be only weakly significant. Mayordomo et al. (2015) found that counterparty risk, financial cost, banking sector openness, size of financial sector, and debt are the most significant determinants of fragmentation in the European financial sector (including banking).
The present study explores the different types of fundamental factors and classifies these potential determinants under different heads (see Table 2 for the detailed descriptions).
III. Estimating Comovements
This section introduces the data, explains the estimation methodology, and presents the results of the estimated dynamic conditional correlations of interest rates, which are then used for the panel regressions in Section 4. We use the Copula Asymmetric DCC-GARCH (Copula ADCC GARCH) model to estimate time-varying correlations. This enables the study of asymmetric dependence structures between random variables. ADCC captures time-varying correlations, while controlling for the asymmetric impact of joint bad news on volatility and correlation.
A. Method
This study employs a Copula DCC-GARCH for all possible country pairs. For the multivariate regression, the correlation matrix of all the possible country pairs is estimated (Table 1) .
Although the Copula DCC-GARCH is estimated on daily data, for the multivariate panel regression in this study under Section 4, the correlations are expressed at quarterly frequency by averaging daily dynamic correlations over the quarter. This helps in investigating the determinants of dynamic correlations at a frequency that is compatible with macroeconomic variables.
Asymmetric dynamic conditional correlation model
We follow Cappiello et al. (2006) and estimate ADCC with an Exponential GARCH (EGARCH) model. This model accounts for heteroscedasticity and continuously adjusts for time-varying volatility. While EGARCH accommodates the asymmetries in conditional variances of individual interest rate series, ADCC explains the asymmetry in correlations.
The mean equation is specified as an AR (1) process (on the basis of SIC criteria):
where   represents the respective series on interest rate movement and         ,
where   is the (n x n) diagonal matrix of time-varying standard deviations for the interest rates, obtained by estimating the GARCH (1,1) process that generates conditional variance of the residuals from the mean equation.   is the time-varying correlation matrix obtained as:
The evolution of the correlation equation in ADCC model (Cappiello et al. 2006 ) is given by:
unconditional correlation matrix of the standardized residuals   ,        ′ , and the asymmetric term g captures the periods where both markets jointly experience negative shock. The scalar parameters   and   are non-negative and satisfy       .
Copula ADCC GARCH
Given that the assumptions of linear dependence and multivariate normality of distribution of standardized innovations are not necessarily satisfied (for more details, Kotkatvuori-Örnberg 2016), this study uses the Copula GARCH-DCC model to obtain estimates of dynamic correlations between the interest rate comovement among all possible pairs of sample countries. According to Sklar's (1959) theorem, a unique n-dimensional copula exists as a function that links marginal distributions into a multivariate joint distribution function. Patton (2006) investigated the extension of the static copula approach to dynamic models such as GARCH and proved the validity of the Sklar (1959) theorem under conditional case settings. As explained in Kotkatvuori-Örnberg (2016) , the theory gives a vector of standardized residuals εt = {ε1,t, ε2,t,…, εk,t} of the joint k-dimensional distribution function H, with margins F1, F2,…, Fk, transformed into uniform distribution by the probability integral transformation method as follows:
The joint distribution function of the standardized residuals can be presented as follows:
where a k-variate copula, C, links marginal distributions to a joint distribution function. The copula C is given as follows:
It is determined for any absolutely continuous marginal distributions, where the dependence relationship is determined by the copula, with the shape being determined by the marginal distributions.
A copula adapted in the standard multivariate normal distribution gives a Gaussian copula.
This study uses Gaussian bivariate copula to link the marginal distributions of interest rate movement in countryi and the interest rate movement in countryj to the joint distribution. This bivariate Gaussian copula is as follows:
where a given correlation matrix R∈R 2x2 is the joint cumulative distribution function of a multivariate standard normal distribution and φ -1 is the inverse of the univariate cumulative distribution function of a standard normal distribution. The Gaussian bivariate copula density function can be stated as follows:
where Ι is the identity matrix.
B. Data
The sample countries and their classification
Our sample consists of 11 European countries that are the oldest members of the euro area. 3)
These countries are classified as the "core" and the "periphery" groups. 4) Austria (AUT), Belgium (BEL), France (FRA), Finland (FIN), Germany (DEU), and the Netherlands (NLD) constitute the core group, while Greece (GRC), Italy (ITA), Ireland (IRL), 5) Portugal (PRT), and Spain (ESP) are classified under the periphery group. This classification is in line with studies by Anastasiou et al. (2016) , De Santis and Cesaroni (2016), and the ECB (2017). The classification reflects the difference in stress experienced in these groups as the periphery economies of GIIPS experienced significant deterioration in credit rating since the end of 2008 (Perego and Vermeulen 2016) . In addition, the levels of income per capita of all periphery countries are lower than those of the core countries and below the average of the euro area.
The first motivation for this classification lies in the need to check the generally held view that high-income economies are more likely to integrate with other economies. 6) Second, as is well known, for policy intervention to be effective, the integration measurement should 3) These countries form the founding members of the monetary union. The only exception is Greece, which joined the euro zone in 2001. Greece is included in the sample for two reasons: first, it joined the euro relatively earlier than the other nonfounding members, which joined from the year 2007 onward; and second, any analysis on the European Debt Crisis is incomplete without considering Greece. We exclude Luxembourg owing to limited data availability for the study of determinants. 4) The respective economic situations in these countries vary and bundling them in one of the groups may dilute this fact. However, we seek to find general trend of convergence progress in the region, across core versus periphery economies. Further, in the second part of this study, for the purpose of determinants analysis, macroeconomic data for each country are considered separately, hence the information on economic situation is not completely lost. 5) Some studies classify Ireland in the core group based on geographical classification of northern euro area (core) and southern euro area (periphery). However, majority of the literature (e.g., Schmitz and von Hagen 2011 , Grammatikos and Vermeulen 2012 , Ahlborn & Wortmann 2018 bundle Ireland together with the other periphery countries in the euro area. The seminal work of Bayoumi and Eichengreen (1993) , as well as recent studies (e.g., Campos & Macchiarelli 2016) revisiting the original work, classify Ireland in the periphery group. In the popular media, too, the acronym used for periphery economies of the euro zone, "GIIPS," bundles Ireland with the "southern" countries of Greece, Italy, Portugal, and Spain. 6) Often attributed to higher cross-border capital flows as they typically have more stable macroeconomic policies, lower credit risk, better institutional architecture, and deeper markets.
account for distinctions owing to divergent developments in financial markets across the bloc.
Given the sample of 11 countries, the maximum number of country pairs is 55. However, the number of country pairs included under each deposit and lending category depends on the data availability. a. Deposit rates with maturities up to 1 year or up to 2 years.
7)
In the harmonized database, the bank interest rate series within each instrument category are based on same definitions and classifications across all member countries. Hence, there is no inherent heterogeneity in the data unlike the bank interest rate statistics prior to 2002. 8) We have limited the analysis only to short-term and medium-term maturities as data availability for longer maturities is systematically related to country characteristics (core vs periphery), which might affect the analysis. While the data on longer term maturities is available for core group countries, it is not available for most of the periphery group countries. We thank the anonymous reviewer for this observation.
b. Loans for consumption with maturities up to 1 year or 1-5 years.
c. Lending for house purchases with maturities up to 1 year or 1-5 years.
The movement in interest rates is computed as a monthly percentage point change in the interest rates. The stationarity of the interest rate change is confirmed by conducting the ADF tests ( Table 3) .
The sample period is classified into the crisis (during the crisis) and non-crisis periods (before and after the crisis period). For the purposes of this study, the period is identified from August as well as that from January 2014 to September 2018, is termed the "non-crisis period."
C. Results
For presentation purposes, the estimated pairwise correlations for each category are averaged.
In Figure 1 , the plots show the average interest rate correlations for different groups (all countries, core-only, periphery-only, and mixed) over the sample period. For each category, a band is plotted that shows the minimum and maximum. These plots of dynamic correlations provide interesting insights into interest rate movements over time in different product and maturity categories, as well as for different country groups. In general, the plots reveal weak interest rate correlations in the euro area's retail banking sector.
Panel 1 of Figure 1 shows that correlations of interest rates on deposits of different maturities can be compared. Short-term interest rates are more correlated than longer-maturity deposit rates. Further, it can be seen that correlation is the highest among core-only countries and the lowest in the periphery group. This can be attributed to higher financial linkages among core countries because of similar standards of institutional structures and procedures and comparable attributes of relatively stable macroeconomic systems. Further, correlations appear to increase during the GFC, and are highest during the latter part of the GFC. This can be explained by the joint reaction of the countries to the crisis in the form of interest rates cuts to improve liquidity conditions. However, with the start of the EDC in the second quarter are observed in the interest rate correlations for the medium-term deposits category.
Panel 2 of Figure 1 on consumption loans segment reveals an overall weak degree of interest rate correlation. In fact, the interest rate correlation for medium-term consumption loans is the weakest across all categories of savings and credit products. This finding is consistent with that of Serantis (2012, 2014) . This particular weakness in the interest rate correlation for consumption loans can be attributed to the highly non-standardized nature of these products when compared with savings products, which are more standardized with limited and broad-based product differentiation (e.g., gender-based or age-based). Further, credit for consumption purposes is also subject to heterogeneity in borrowers with respect to the purpose of borrowing; wide differences in the cultural norms across countries regarding personal loans; borrower creditworthiness; the resulting information asymmetry between banks and borrowers, particularly in cross-border operations; and the disparity in lending controls exercised by banks.
Further, it is observed that in what is similar to deposits, the interest rate correlations in consumption loan categories show a similar pattern of stronger correlations in core-only groups when compared with other country groups and an increase in correlations during the GFC.
While the interest rate correlations for medium-term consumption loans decreased during the EDC, no drastic change is observed in the case of the short-term category of consumption loans.
Similarly, the interest rates on shorter maturity loans show a higher correlation. These findings on the inverse relationship between the degree of correlation and maturity are consistent with those of Rughoo and Serantis (2014) . It should be noted that maturity has a bearing on the determination of the market rate because a longer maturity is associated with an increased risk factor. Thus, long-term rates include a premium, depending on the varying degrees of incremental risk, which has the effect of introducing heterogeneity in these rates.
Panel 3 of Figure 1 presents the interest rate correlations for mortgage loans. Similarly, weak correlation and similar time-varying dynamics of correlations are observed, irrespective of the maturity type.
In general, the results of the measurement of integration reveal considerable heterogeneity in retail banking to households. This is consistent with the findings of previous studies (Bondt et al. 2005 , Kleimeier and Sander 2006 , Rughoo and Serantis 2012 The next section examines the drivers or determinants of these correlation dynamics.
IV. Estimating Determinants

A. Estimation technique
The present study investigates into whether the determinants of interest rate correlations are macroeconomic, cross-border linkage-driven, specific to banking, or sociological by the estimation of panel regression, which allows for time-fixed effects to control for common shocks (Wälti 2011 , Mobarek et al. 2016 ). The following panel linear regression model is estimated:
The dependent variable,   , is the Fischer-transformed quarterly Copula DCC-GARCH correlation for each country-pair, i, j, for each quarter, t, and each category, c. For the purpose of this regression, the monthly DCC estimates (estimated in Section 3) are averaged over the quarter and then Fisher-transformed. 12) The frequency of this quarterly component is now the same as those of country-specific independent variables, which are mostly unavailable at a 12) The original correlation series are bounded between minus one and one.   is unbounded correlation series obtained by Fisher-transformation.
higher-than-quarterly frequency.   captures the time-fixed effects included for each regression.
  is a constant set of explanatory variables, which are discussed further. Each equation c is separately estimated for each category of interest rates and for all possible country pairs (Table 1) , over about 63 quarters.
The independent variables are as follows:
where   denotes the absolute difference in country-specific macroeconomic variables between country i and country j at time t. These macroeconomic variables include dGDP i,j,t , dInf i,j,t , dPdebt i,j,t , dBudget i,j,t , and dFinStress i,j,t . dGDP i,j,t is the absolute difference between the quarterly growth rate of real GDP; dInf i,j,t is the absolute difference between the quarterly inflation rates;
dPdebt i,j,t captures the absolute difference in quarterly public debt as a percentage of GDP;
dBudget i,j,t is the absolute difference in quarterly government budget balance (surplus (+) / deficit(-)) as a percentage of GDP. dFinStress i,j,t is the absolute difference in the quarterly Financial Stress Index. Together, these growth and stability indicators capture the essence of the Maastricht criteria for EU membership 13) as well as that of the Stability and Growth Pact. 14)   denotes the external linkage indicators between country i and country j at time t. These include BiTrade i,j,t ,
which is the quarterly weighted average bilateral trade size between country i and country j , and BCS i,j,t , which captures the quarterly degree of business cycle synchronization between country i and country j .   denotes the absolute difference in the retail banking industry's indicators between country i and country j at time t. These include dBankRisk i,j,t , dBankDev i,j,t , and dBankSupInd i,j,t , which measure the absolute difference between country i and country j in the banking sector's riskiness, development, and independence of banking supervisors, respectively. The degree of the banking sector's riskiness indicates the stability and depth of the banking system and width of its exposure. Given the socioeconomic importance of the banking sector, it is prone to politically motivated interventions by governments. Independence of banking supervisor is an indicator of its ability to pursue optimal policies for the country's banking sector. Finally,   captures the sociological variables, including Culturei ,j,t and Langauge i,j,t . Given the diverse nature of retail consumers that retail banking serves, differences in cultural and sociological aspects across borders pose important challenges for banking integration. Culture i,j,t is the difference in the cultural index country i and country j . The index is constructed on the basis of the study by Kogut and Singh (1988) and uses data on Hofstede's six cultural dimensions, including collectivism, power distance, masculinity, uncertainty avoidance, long-term orientation, and 13) https://ec.europa.eu/info/business-economy-euro/euro-area/enlargement-euro-area/convergence-criteria-joining_en 14) https://ec.europa.eu/info/business-economy-euro/economic-and-fiscal-policy-coordination/eu-economic-governancemonitoring-prevention-correction/stability-and-growth-pact_en indulgence. 15) Finally, local language is vital to banks' operations for their domestic clientele as it is the primary means of communication for banking operations. Langaugei,j,t captures the language commonality between countryi and countryj. The time-varying output correlation index provided by Cerqueira (2013) is calculated
component extracted from real GDP data for each country by applying the Hodrick-Prescott (HP) filter (Hodrick and Prescott 1997) . This is then transformed to get the unbounded index of business cycle synchronization: /Vp]/c, where Ici is the score for the cth cultural dimension of country i, Icj is the score for the pth cultural dimension of country j, and Vp is the variance in the pth cultural dimensions across all countries in sample. The larger the KS measure, the greater the cultural distance between country i and country j. We use Hofstede's scores on the six-factor cultural dimensions. Related references: Mobarek et al. (2016) , Lucey and Zhang (2011) , Kogut and Singh (1988) Data source: Geert Hofstede's six dimensions
Language Commonality
A dummy variable for capturing information on a common language wherein a country gets a score of one if more than 80% of the country's population has knowledge of English or French or German, otherwise it gets a score of zero. (Of the 24 official languages in the European Union, English, French, and German are the "procedural" languages of the European Commission.) Data Source: Eurobarometer (2012). 
B. Panel data results
The baseline specification is given by Equation (10) Starting with the first column, it can be seen that interest rate correlations seem to be determined by the differentials of all macroeconomic regressors except inflation and the differential of TARGET2 balance. The coefficients of the differential in macroeconomic variables are negative (significant). This finding indicates that a lower differential in macroeconomic fundamentals increases the interest rate comovement. These results are consistent with those of Sehgal et al. (2018) , Mobarek et al. (2016) , and Bracker and Koch (1999) , who report that similar macroeconomic fundamentals enable greater financial convergence. Further, the coefficient for language commonality is found to be positive (significant) and confirms the theory that differences Table 3 . Diagnostic tests* in language act as a natural barrier to retail banking integration across borders. Further, observing specifications (II), (III), and (IV) jointly, the regression results show that coefficient heterogeneity exists across these three specifications. For periphery-only country pairs, only the sociological variables of language commonality and cultural distance are significant determinants of correlation.
However, in the case of core-only country pairs and mixed-country pairs, the differential in macroeconomic fundamentals and banking characteristics is significant. Notably, the banking risk differential is positively significant for these groups. This result can be interpreted in terms of flight-to-quality dynamics and risk diversification, wherein banks diversify their exposure in other core countries in the region. Further, we investigate the role of the GFC, EDC, SSM, SRM, and UNP in specifications (V) to (IX) through dummy variables. All these dummy variables are statistically significant. The coefficient of the GFC carries a positive sign pointing toward the possibility of a joint reaction to the subprime crisis. However, the EDC carries the expected negative sign, as it is associated with lower interest rate correlation. The SSM and SRM are associated with lower correlation. This finding is confounding as these policy mechanisms were expected to gradually lead toward banking union. Similarly, the introduction of the UMP (negative interest rates) is also associated with lower correlation. This may be attributed to heterogeneity in the transmission of policy rates to short-term deposit rates in different countries. Table 5 reports the results for medium-term deposit (MTD) interest rates. The interest rate correlations in MTDs are lower than those in STDs (Figure 1 ). The first column of the table shows that unlike the case of STD interest rates, the correlations in MTD interest rates are not determined by the differential in macroeconomic variables. However, the differential in financial stress and banking risk is negatively significant, and the TARGET2 ratio is positively significant. The coefficient heterogeneity across specifications (III) to (V) is interesting. While a higher public debt differential, a higher TARGET2 ratio differential, and larger cultural distance dampen interest rate correlations among periphery-only country pairs, they are associated with higher correlations in core groups. Here as well, as in the case of STD interest rate correlation, for the core-only group, a higher differential in banking variables between two countries is associated with higher comovement. This can be attributed to the flight-to-quality and diversification of the banking sector's exposure across other core countries in the region. For both core and periphery groups, bilateral trade intensity is a significant and positive determinant of correlation.
On the other hand, the financial stress differential, which is insignificant in the case of the core-only group and the mixed group, becomes positively significant in the case of the periphery-only group. This can be due to synchronous periods of financial stress in these counties and the similar state of credit availability and interest rate movements during this period.
Similarly, the differential in the supervisor's independence is significant (positive) only in the case of periphery-only country pairs. We interpret this result by considering the persistently subdued correlations in this group during the EDC and post-crisis period even after the implementation of the ECB as a single supervisor under the SSM. Interest rate correlations among mixed-country pairs appear to be determined only by bilateral trade intensity (negative) and common language (negative). This can be interpreted in the light of the bankers' cross-border risk diversification strategies that result in the increase in exposure among mixed-country pairs.
Further, we observe that the results for the GFC, EDC, SSM, and SRM dummies are similar to those of the STD estimation; however, the coefficient of the UMP is not statistically significant. Table 6 . Continued budget balances among countries but lowers correlation as it often leads to heterogeneity in macroeconomic stability and credit availability to the private and household sectors across these countries. Further, in specifications (II to IV), the coefficient estimate for business cycle synchronization is positive and significant in the case of periphery-only country pairs. However, it has a negative impact on correlation in the case of core countries (as seen in estimates for core-only pair and mixed-country pair specifications). This can be attributed to greater access to cross-border credit availability and higher cross-border fund flows between core countries during the periods of heterogeneous business cycle conditions among them. The differential in the public debt ratio is negatively significant for both core and periphery pairs. It is noteworthy that for all characteristics of the banking sector, a higher differential is associated with higher interest rate correlations among periphery-only pairs. This finding is interpreted in view of periphery countries being the destinations of diversification-oriented investment. As differentials in bank characteristics increase among the periphery countries, these countries are viewed as a heterogeneous bundle from the perspective of portfolio diversification and thus receive synchronous cross-border fund flows, leading to a similar level of liquidity and credit availability and thus similar movements of short-term lending rates. We also observe that a common language is a significant (positive) determinant of interest rate correlations only among mixed-country pairs. Further, the SSM and SRM dummies are positive and carry the expected positive sign in case of STL interest rate correlations.
In Table 7 , for the medium-term loan (MTL) interest rate correlation, the estimated result for baseline specification shows that only macroeconomic variables of budgetary balance differential and financial stress are significant regressors, and as expected, their coefficients are negative. A comparison between specifications for different country groups (II to IV) reveals coefficient heterogeneity. For instance, for core-only pairs, the differentials in financial stress and bank development are significant (negative) determinants of correlations; however, for the periphery group, these regressors are insignificant. Further, the sociological factor of a common language is a significant (and positive) determinant only in case of the periphery-only group.
For mixed-country pairs, only bilateral trade intensity is a significant (positive) determinant of correlation. In specifications (V) to (IX), the GFC and SSM dummies are significant (positive). Table 8 presents the regression estimations for short-term mortgage (STM) loans. As seen in the first column, the correlations in STM interest rates appear to be determined by only two of the regressors. The budgetary balance differential and the difference in supervisory independence are weakly significant. Results of country-group-wise specifications show that bilateral trade intensity is a significant determinant of STM interest rate correlation. However, it carries opposite signs for these two specifications. Further, a higher inflation differential is observed to decrease the interest rate correlations in core-only country pairs, while it is insignificant for the periphery-only country group. On the other hand, the differential in TARGET2 (negatively) and degree of business cycle synchronization (positively) are statistically significant determinants for periphery countries (as seen in the periphery-only specification as well as the mixed-country group). However, these regressors are not significant for core countries.
In addition, in what is similar to the observations in the STL category, the differentials in banking risk and supervisory independence are positively significant determinants of STM interest rate correlations among the periphery-only pairs. Language commonality is a significant (and positive) determinant only in the case of the periphery-only country group. In specifications (V to IX), it is observed that while GFC is positive and significant, a result that is similar to those in other interest rate categories, the EDC is not significant. In addition, the UMP of the negative policy rate is significant and is associated with a decrease in interest rate comovement.
Finally, Table 9 presents the results for interest rate correlations for the medium-term mortgage (MTM) category. For this category, the baseline specification shows that only two regressors determine the correlations. While the GDP growth differential is negative and weakly significant, the coefficient of the differential in bank development is positive. Further, in the specifications with respect to country groups, coefficient heterogeneity can be observed, particularly in banking and in sociological variables. The banking-specific variables are significant and positive, in what is similar to the case of interest rate correlations for the STL and STM categories. The sociological variables of cultural distance and common language are significant in the case of the mixed-country pair group.
V. Conclusion
The financial turbulence in the global financial landscape and the sovereign debt crisis in the Eurozone in the first decade of the euro invoked doubts regarding the future of the euro (Battistini et al. 2013, Philippas and Siriopoulos 2013) . However, the policymakers in the euro area are strongly committed to preserving the euro, as stated in the "Whatever it takes" speech 17) Table 9 . Continued and loans) to households during the crisis and non-crisis periods. We first estimate country pairwise, time-varying interest rate correlations using Copula DCC-GARCH. The study results conclude that retail banking integration is still weak after 20 years of the single currency, monetary union, and greater cross-border flow of funds. The recent policy measures of the SSM and the SRM are yet to stimulate higher interest rate correlations among the euro area countries. The comparison of correlations across product type and between two groups discloses heterogeneity in interest rates between the country groups (core and periphery); between product types (deposit, consumption loan, and mortgage loan); and between maturity type (short-term and medium-term).
Further, cross-country panel regressions are estimated to find the determinants of dynamic interest rate correlations using the differentials in macroeconomic variables, banking sector-specific variables, variables on cross-country linkages, and sociological variables. From the study results, we conclude that differences in fundamental factors play a limited role in determining the degree of retail banking integration in the region. Instead, the weak retail banking integration can be attributed to the intrinsic nature of this sector, including factors such as information asymmetry, which retail banks face as they expand their operations across the border on the basis of clients' creditworthiness, local cultural norms related to lending and borrowing, and governmental intervention in the banking sector because of its social importance. We also observe heterogeneity in the significance of determinants. The variables appear to determine deposit rate correlations more than they determine interest rate correlations on the lending products. Further, the differential in the banking characteristics of risk, development, and supervisory independence is positively related to higher correlations in short-term credit products (consumption loans and mortgages). In addition, comparison across country group-specific estimations also reveals considerable coefficient heterogeneity. For instance, the banking variables of bank risk, bank development, and supervisory independence variables are significant, particularly in the case of core economies. Similarly, the differential in TARGET2 balances and language commonality are significant determinants among periphery-only pairs.
In general, the macroeconomic variables of budgetary balance and financial stress differentials are important determinants, while cross-linkage variables of BCS and bilateral trade intensity are not key factors for most of the specifications. Further, the EDC has a weaker (negative) impact than the GFC, which is positively associated with interest rate correlations across all categories. The policy mechanisms of dummies for the SSM and the SRM are observed to have a mixed impact on interest rate correlations across different types of banking products as their dummies are negatively significant in the case of deposits, positively significant in the case of consumption loans, and not significant in the case of mortgage loans. The dummy variable for the UMP bears a negative sign, suggesting dissimilar monetary policy transmission across the member countries.
The study findings advance the literature on the important topic of financial integration, particularly the less-investigated retail banking integration in the euro area. A strong retail banking integration has a two-way effect: it eases cross-border financial transactions. The resulting easy availability of credit has the potential to create an environment of excessive leverage.
However, in general, it is preferable as it enables efficiency through competition, increased in financial inclusion, and social welfare through gradual convergence toward the highest prevailing interest rates on deposits and the lowest prevailing rates on loans in the region.
For a more integrated banking system and ultimately the achievement of the banking union in the euro area, the respective national governments should endeavor to create a level playing field for foreign banks. This includes disregarding their tendency toward protectionism; enabling improved sharing of information on consumers' creditworthiness; and harmonizing taxation laws, both concerning the tax treatment of banking products, as well as corporate tax, faced by banks.
Although the present study covered only the oldest members of the euro area, the results have implications for other existing and future member countries; it also evaluates the role of fundamentals on the level of retail banking correlation. Future research in this direction could focus on an expanded set of countries, including new euro area members and countries that are likely to join the euro area in near future as they undergo the process of economic reforms to join the monetary union.
